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CORSTRUCTION A¥D TESTING OF MAGNETRONS AT NIT-380, LENINGRAD

) : jgmary: The following report describes the comgtruciion of mag -
) netrons at Scientific Research Laborstory 380, Lenivgrad, and also the
magnetron testing equipment located there

- /

Construction of L- and 8-MM Msgnetrons at NII-380, Leningrad

1. The 4.mn magpetron was made up in oply one small seiries of four tudea each
in contrast to the 8-mm magnetron of vhich three series had been constructed,
each consisting of eight to ten tubes, The output coupling of the magnetron in
1 the L-mm type was coaxial, In the 8-mm magretron, this coaxial output coupling,
& because of its low 2fficlency, had to be replaced by a wave window [ﬁellenfenste—
rausgang/., All threc series of the 8-mm magnetron Mad these wave windows, The
number of alots vas 48 in the L-mm magreiron. In the 8-m msgnetron the numbex
of slots was 12, 18, and 20 in ths three serjes. The length of slcte war 2-3 wm
in the L4-zm wagnetren and 4 mm in the S-mm magnatron. The bore in the center of
S the copper aisk (plate) vas as large as 64 mm in the h-mx, and 2.5-3 mm in the

B 8-mm magaetron. 1In the very Zirst B-mm magnetrons vith coaxial output coupling, : T
the diametar of the bare vas 4.8 mm. The cycloidal path (distance between cath-
ode and anvde) in the L-mn magnetron vas less than one =2, but in the S-mm mag-
netron it vwas more than one mm.

2. The cathode diameler (of tbe nickel tube) wss 4 .88 mm for the 4-mm nag-
netron, but in the 8-mm magnetron the cathodes varied frox 1.8 to 1.9 s in dia-
S meter. The lengik of the zathode in both msagneirons was tle same; approximately
B 10 ma. The effective part, hovever, measured only 3-bk sm in the ﬁ-- magnetren
R 1 and 5 mm in the 8-mm type. A copper block 15 ma long and about 34 mm in dle-
- meter served as anode for both types of magnetron, The filsment voltage vas
6.3 v in both ceses. Anode voltage vas 15-16 kv in the l-mm sagnetron and 12-20
kv in the 8-mm magnetron. :
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1. In the beginning of 1950, an efficiency of W in the 8-mm magnef:ron for
-3 magnetic fisld of 6,000 gauss was measured. In July 1950, with a msgretic field
©of 11,000 to 12,000 geuss, 8o output power of 12 kv for am inpnt power of 100 kv,
i.e., 12% eff’ici-'ncy ves obtained. It is not known whether this higher effi-
clescy resulted from the incremse iu the magnetic field or changes in the con- :
" struction of the magnetron since the tube had left the 1abora*‘ory in the iuterim.,_‘ L

. 2. The efficlency of the b-um maghetron bas not been meaaured but cmlv i
_estimt@d Por s magnetic field of ~ 8,000-8,000 gausa, 1t vas 1. ‘S‘S e

3 Only two [meﬂ magnetrons out of each series veas auccesnful, 80" tb.a* '
: 1here vere six altogether. Only cpe of the 4-mm magnetrons could be uued '

4. ' The B-rm magnetron was tested in the test oscillator. They vere vanted .
ac pulse tressmitters, supposedly, since the radar leboratory shoved much inter-
est ip these megnetrons which later vere delivered to that lsboratory. . The en-

. ginesrs of the radar division insisted especially or the exact 8-mm wave length: -
The L-zm magnetron was not tested in a test osc;.llatcr sincn it was accidentalw‘
.-.broken . . L Ve

‘Magnetron Testmg Inatrment" Used at'HII-‘}SO, \Leu'mgrééi. :
Al Test Leboratory R N
Scientific Research Institute 380 (NII-380), Lehingréd, nad a ma.gnetrbn test
laborstory where the instruments needed for testing the magnetrons were situated
and where the actual testing took place.

B. Equipment of the Magnetror Test Workshoups

The most important machinery in the shop consisted of two vertical milling
machines made by Till at £uhl. There were also four iathes in very good condi-
tion, used xeinly to prcduce anodes for the magnetron. The anodes vere first
processed on the lathzs and then the slots were sismped out on the vertical mil-
iing machine. At first, regulsr ateel was used to stamp out the slots, but later
they were cut by saws, to give a better surface. The accuracy of the machine
was 1,200 mn. A measuring microscope was used to check the completed anoles.

Eome altempts were made to polish the slot surfaces electroiyticslly, but
the Russian engineers were not interzsted and the tests were forgotten although
the samples shoved a fine, emcoth surface.

The vazuum wes lengnred electrically with a Russisn instrument controllable
with & Mac plumb to 107° mm. This instrument would at times indicate 10-7 mnm
vhile evacuatior vas going on. The instrument was in cconstant use und very sat-
isfactory.

C. Genersl Datas

Cne may say that in 1950 the development of magnetrina was cawried snme-
whut beyond the work done in 1948 in Arnstedt. It is probable, hovever, that
the millimeter technique has progressed farther in Britain and America. ‘The ad-
vaptage in Rusdia {s that a number of yourg pecple are being given the opportun-
ity to vorx on magnetrons. Even students at the Techrische Hockschule (Insti-
tute of Tecanolegy) currently are sent to the institute to work for = few months
before final examinaticn. These students on the whole are well prepared the-
oreticmlly, hut are as helpless as children in the laboratory. They could nct
carry out the simplest measurements vhen they first came, but after the practical
part of the laboiatary training vas over, they could at least use the variocus
ipstrogents there. The magnetron lshoratory is therefore more important educa-
tionally than for development purposes.
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D. lustruments Used 1g the Magnetron Test Laboratory

1. - Pulse Generator
Electromagnetic Rack for Magnetron Operation - ;_j, " ‘b
Equipment for Making the Pulse Visible i
* Wave Meter i P
. ‘Broad Band Auplifier
: - Power Heasuring Insmmﬁt‘
; Mirror Galvenooeter , o
(..':':’I;"ie‘zld Strength ﬁe?e’i:‘ T

: . Fulse generator: Built to furnish vol*ages up to 2(‘,' 000 v and pulse
cment up to 30 amp, the pulase duration being one. micrcsecond The pulse fre- .
quency may extend to 1,000 cycles. The pulaa 5ene ator cunaists oi‘ (a) & pulse’
generstor end (h) & pulse amplifier.’ .

a. The pvlse generator is an instrument of German make, known during
the war as Schnecke (snail). The pulss, of optional polarity, has a maximum
output voltege of 150 v and a resistence of 1,000 ohms. Pulse frequency, pulse
phese, pulee width (0.5-10 microseconds) and output voltege cap be adjusted
and measured. The pulae generator supplies the input of the pulse amplifier.

b. The pulee amplifier is designed to smplify the pulse coming from
the pulae generator to the values mentioned above. t conesists of:

(1) Preamplifier with power supply unit
(2) Output stage
(3) High-voltage instrument

(1) The preamplifier: An LV3 is used in the input stege and &
5D21 in the secord stage. The negative impulse, going tbrough the input trans-
former, reaches the zrid of the LV3 as & positive pulse. Amplified, it is
teken off as a positive pulse from the load resistance of the LV3 which is situ-
ated in the cathode, and is fed to the conizol grid of the 5021. At the same
time, the 5021 obtains th: neceesary negative bicsing voltage of spproximately
350 v Irom the load resistance of the LV3. The amplified negative pulse coming
from the S5D21 is fed through a pulse transformer to the control grid of the out-
Fut tute. The primary side of the Lransformer is damped by & diode LG1O in
order to suppress oscillations.

The current supply of ithe preamplifisr ccmes from tvo separate
rectifiers. One of these furnishes the plate voltage of 1,000 v and screen grid
voltage of 400 v for the LV3 and the grid bilas voltage of -300 v and screen grid
voltage fnr the 5D21. The sacond rectifiar furnishes the plate voltage of 4,000
v for the SL2l.

(21 output atage: Positive impulses can be fed to the grids of
the output 6021 tubes by way of the input transformer of thc preamplifier. A
special rectifier furnishes the grid voltage of 1,500 v fur the output tubes.
A culip rslay in the direct-current circuit of this rectifier controls the
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L primary side of tre high-veltage trensformer (see below) for thé plate voltage :
The result is that the plate voltage for the output tubes cen be turned on or )y
if the output tubes have negetive bias voltage. . . w

Tae loed resistasce of 5 kilochms is in the anode circuit of the’ "
two parallel-connected 6C21°'s. The negative pulse developed across the load re-. -
sistance is fed into the output of the generator through e capacitor. .. damping '
diode 7053 is situated in thie output as well as & 1:100 potential divider for':

., taking off the deflecting voltage used to measure the pulse voltage in:the visuel
BDPRIALUS 1 e e SR DI A P A ; ;

T J7.7{3) 'The bigh-voltage insirument:” The plate voltage for the 'tuo.

S routput i tubes is taken from a special high-voltage rectifier.  With ithe. help’of
;& control transformer; the high voltage i& veriable between. 0 and 20,000 v, ‘The
currert then amounts to a8 muchas 4O me. The voltage is read:on avoltmeter in

_"the high-voltage insirument.. The rectifier is cut off by the pulse amplifier;

"’which also contains the tranaformer. controlling the plate voltege for: the.6C21.

e U T . ”Thé‘whdlé‘inétrﬁmebt 1s.condéctéd'with 2 switch and a pish byt
cgton. “All the tubes are first heated, whereupon the push button applies the, plate
Cvoltage: o o hol T e £ e S e _

o ) TheRbutton‘actiQates-&ﬁfelay‘c&ﬁnccting;thefﬁfimﬁry'sideu'bf
#ll the plate-voltage transrormers. A glow lamp connected in meries with a relay
cerves to discomnnect the plate voltage if the grid voltage drope to below 200 v.

T 2. The electromagnetic rack contairs an electromegnet to which the magne-
Co tron can bs connected for testing, and a filement transformer to heat the cathode
of the magnetron. A rectifier provides voltage for the magnet. The current in
the magnetic coils ia adjusted by a control transformer. The maximum induciicn
" for & distance of 15 mm between poles is approximately 9,600 gauss. A curve was
3 drawn for all the gensrally used intervals and the magnetic field intensitles
can be read at a glance. The voltage of the filament transformer can be ad justed
oy #ith & control trensformer to the voltage necessary for the magnetron. The tuwo
] windings of the filament transformer are insulated by high-tensicn insulation.
The volt-meter ror the filament voltage is also irsulated.

The pulse current from the output of the pulse anpiifier io fed intec the
s catacde of the magnetron and passes through the anode, ths electrousgnet aasd z
10-nhm resistor to ground.

I.‘

. 3. Equipment for maxipg the pulse visible: This unit serves to measure
: the pulse current <o the magnetron snd tine pulse voltage. At the same time it
controls the shape of the pulse. The instrument making the pulse visible has
two Braun tubes type HR 1/100/1.5 end the necessary pover-zupply transformer
vith a rectifier to produce the plate voltsge of 1,500 v. The Braun tube which
measures the pulse current and the pulse voltage ohtains the deflecting voltage
for the messuring and deflecticn plates from the magnetic rack and the pulse am-
plifier. The measuring pletes of the second Braun tube controlling the shape of
. the pulse have ounly the deflection voltage from the magnetic rack. The deflect-
B ing piates obtain their deflecting voltage from the relaxation oscillator ef the
] pulse generator, which also furrishes the voltage for the return-trace elinira-
tion te the Wehnelt cylinder (control or modulating electrode) of the Braun tube.

L. Wave meter. The wave lengtlt 1s measured by determining the distarce

between two minima which are cvected in space if waves strike verticaily e¢n a
wetal plate and are reflected therefrom.
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_ The wave meter consists. of a.metal disk which can be moved axislly with
a micrometer screw. The latter has no backlash, so thai the movement of the
metal disk can be resd to 1/100 sm eccuracy In front of the metal disk, at 2
distance of approximately 2 to» 10 wave lengths, there wag cviginsily placed a ;
5 ms thermocouple. Measurements with the thermocouple could be mades only st dis-
. tances of one to two wawe Lenghths, l.e., in the immediate vicinity of the magne- ' .~
"7 trom, which kad tc have a pulee output of approximately one kv to produce s de-
an Plection on the galvanometer. Bacause of the inertim of the thermocouple, the 1
micrometer screv gave very insccurate reedings (accuracy approx 5-10%) o

R Wave length measurements improved only when the thermOLouple was re-
o placed by s detector. The pulgee received by the latter were sufficiently ami:-
1v-plified by a wide-band amplifier to become visible on the Braun tube. At the

. same time, measurements of ten times the wave length were possible (the diskne'
] o ) could not be moved Yarther). The distance from the magnetron had to bw greatly:
. AL ‘increesed and oscillations were discovered in magnetrons which previcusly had.
4 Y i been thought to be completely free of cscillations.’ This wes especially notice:
" agble in tke L.mm magnetros. In a good B-mm wagnetror, the wave lengih could ™

" be determiuned to 0.0l mm,. At the same time, this method could be applied to

.. prove the multiwvave property of a megnetron since such a megnetron gave differ- .
“ ent readings at the beginping end end of the test. The frequency spectrum coulds
7 not be determined at the tiwme, because there was po spectrum anglyzer availabile:

.. The development af 8 heterodyue frequency meter ves taken under advisement. !

5. Wide-band amplifier. in conjunction with the vavemeter it serves to
amplify pulses received, so that these can be mede visible on a Braun tube. The
gain 1s approximately 130 ard the bandwidth, approximately 3 Mc.

6. Power measuring instrument: This instrument is used o detearmine the
output of e magnetron with the aid of comparative measurements. The difference
in temperature of water vhich fiows at uniform velocity through & tank which is
heated by the r7 is determined by LO series-comnected thermocouples. At dif-
ferent water temperatures. these thermocouples give off e slight current which
can be measured on e geivancmeter.

So0 As the rf energy acts un the water, the galvanometer shows & certain

: deflection. When the rf enargy is cut off, the tank can be heated by o small
heating coil which is supplied ty a special ‘transformer. 'The output of the lat-
ter can be measured and it adjusted dur!ng measurements so that it produces the
same deflecticpn on the galvanometer as was produced by the rf energy.

k Two types of output meters are in use, both working on the sane princi-
N 2le and differing only in conetructicn. The coptainers of the first meter are
: corical, with very thin glaus walle. The cones are spproxizately 5-6 times the
wave length which is to be measured. The diameter is approximately 16-17 mm.
Water 1g admitied ccn-en..-cagly through a nerrov gluss tube ogeping at the tip
of the cone. The water flows out, also concentrically, from the bese of the
R cone. The 40 series-connected thermocouples & : placed outside the cone in the
inflow and outflow tube and are connected to the gaivanometer. Mean output
values cf on2 to 2 ¥ could be measured with sufficient accuracy. This type of
meter is cuite independent of frequency. At the time of measurement, the glass
cone is inserted into a circular wave guide of 17-18 mm diemeter. The wave
gulde can be tuned ro that the rf energy supplied to the flowing water is a max-
imum.

In the second type, the rf energy is supplied to the water by & special
radiator cocimected to a rectangular wave guide vhich can be tured. Thz vater
container is a flat trolitul vessel with very thin walls, & little longer and
wider than the radiator. The sketch (mot attached) shows the construction. Due
to the consiruction of the radiator, this type can be used only for a certain
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wave léiglh. Dévialion from the vave length beet suited for the radistor must A
not exceéed 5-T$. The rediator cwrently used ia designed for ap S-mm wave. Due 1
to faulty coptruction in the shop, the saximus power was radimted st 8.2 mm.

7. The gulvancseter (Multiplexgaivanomesser) is turpea out by the Dr Lange
plent. Ite sensitivity is approximataly 2 x 1078 enmp par sezle divieion. There
ars three of these ibstrumants oz hand. i

B. The Tiold strangth meter is made by AEG and consiste of a synchromous
motor, & rotating eoil, and a semsiti=tiy measwring instrument. The coil is ex-
g:mgeahle and the instrument wes cal.orated in Oratid to £i% the coll used at

¢ time. PR )
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